Variations in carcass yield and meat sensory quality attributes between turkeys (meleagris gallopavo) reared in free-range and confinement rearing systems ABSTRACT Experiment was conducted to compare carcass yield and meat sensory quality parameters of turkeys Meleagris gallopavo reared under free-range and confinement rearing systems. There were two treatments, each containing 25 birds. In indoor treatment, the turkeys were raised in a 20 × 20 feet (length × width) room. In the free-range treatment, the birds were housed in an open cage having same dimensions i.e. 20 × 20 feet (length × width), in addition, they had a free-range grass paddock. To compare sensory attributes 4 ready to-cook turkeys having equal size were selected from free-range and indoor rearing systems. The birds were skinned and boneless breast fillets and thighs were weighed and steam roasted. The roast breast meat of free-range turkeys was darker and yellower whereas cooked thigh was light yellow than meat from indoor birds. Among the rearing systems non-significant variations in all the meat sensory quality attributes were recorded for chest pieces of male and female and thigh piece of female birds. However, significant (p<0.05) differences in color, tenderness, oiliness and overall acceptability were observed for thigh meat of male M. gallopavo. Similarly, significantly (p<0.05) heavier wing piece, liver, kidneys and claws were observed in M. gallopavo reared in confinement as compared to free-range rearing system. It can be concluded from the present study that carcass yield and meat sensory quality attributes are influenced by the rearing systems and meat of the birds reared under free-range system is preferred by the consumers due to better sensory quality attributes.
INTRODUCTION
The demand for free-range and organic poultry has increased due to widespread realization of alternative animal production systems and the perception that these systems may provide healthier, more environment friendly food with superior sensory characteristics (Fanatico et al., 2007) . With increase in consumers' preference (Latter-Dubois, 2000) the farmers are raising poultry birds under free-range rearing system (Lewis et al., 2006) . It has been documented that slow-growing poultry birds like turkeys have higher levels of muscle glycogen stores and higher heminic pigments that result meat with a darker, more uniform appearance and lower pH (Duclos et al., 2007) .
Production systems vary widely from large stationary houses with yards to small portable houses that are moved frequently to new pastures. Conventionally confined systems lead to animal stress (Jones and Millis, 1999) , resulting in physiological and behavioral responses (Marin et al., 2001 ) and poor performance (Mendl, 1999) .
Free-range (outdoor) production systems, without confinements, could decrease stress and allow selection of strains that may increase comfort and bird welfare . Furthermore, the free-range production system increases the taste of chicken meat better than the confined systems (Fanatico et al., 2006) . Based on these advantages, birds have been raised in free-range systems.
Many factors affect growth performance of birds, including age, diet, sex, genotype, environment, exercise, pasture intake and density (Gordon and Charles, 2002) . A better understanding of these factors will help to improve the production performance and variations in the parts size and dressed carcasses (Fanatico et al., 2005) . Fanatico et al. (2007) documented that slow growing turkeys tend to produce meat with poor water-holding capacity and higher cook loss than meat from faster-growing conventional broilers (Lonergan et al., 2003) . A difference in protein (13.9%) and fat (4.5%) content of meat obtained from turkeys with outdoor access and broilers grown under indoor rearing system having 13% protein and 8.9% fat suggested a relationship between meat fat content and water-holding capacity or cook loss (Fanatico et al., 2007) . Present study was designed to compare carcass yield and sensory quality attributes of meat between turkeys (Meleagris gallopavo) reared under free-range and confinement rearing systems.
MATERIALS AND METHODS
A six months study was conducted at Avian Conservation and Research Center, Department of Wildlife and Ecology, Ravi Campus, University of Veterinary and Animal Sciences, Lahore. Fifty turkey (Meleagris gallopavo) chicks were selected at random and were reared under two different rearing systems viz., confinement (indoor) and freerange (outdoor). Turkeys under confinement system were raised in floor cages in a conventional poultry research house that contained a concrete floor, room cooler and fans for cooling and ventilation. The raising density of each cage was 5 birds/m 2 with 20 ± 3°C temperature, 60 to 75% room humidity and 12h photoperiod. Turkeys in free-range treatment were housed in a similar indoor house (5 birds/ m 2 ); in addition, they also had a free-range grassy enclosure (1bird/m 2 ). Feed and water were freely available.
Samples preparation : Birds and feed were weighed weekly to determine feed intake, body weight and feed efficiency. At the end of 180 days, after fasting for 10 h before slaughtering, all birds were weighed individually and killed by manual exsanguination and abdominal fat, eviscerated carcass and breast meat and leg meat were measured equally. The percentage of eviscerated carcass was calculated as the ratio between the live body weight and eviscerated carcass. The weight percentages of abdominal fat, leg meat and breast meat were calculated as weight percentage of eviscerated carcasses. Muscles of pectoralis major and leg were collected from left side for meat sensory quality analysis.
Proximate analysis of breast and thigh samples such as protein, fat, water-holding capacity, pH, and ash was carried out. Meat water holding capacity was assessed following expressed juice methodology as described by Wiebicki and Deatherage (1958) . The water holding capacity was calculated as the fraction of water retained by the meat (expressible juice/total moisture content) (Allen et al., 1998) .
Muscle samples were stored at 4°C for 24 h and were then individually cooked in a water bath at 80°C in plastic bags to an internal temperature of 70°C. The meat samples were then removed and chilled to room temperature. Strips 1.0 cm (width) × 0.5 cm (thickness) × 2.5 cm (length) parallel to the muscle fiber were prepared from the medial portion of the meat and sheared vertically (Molette et al., 2003) . Shear force was expressed in kilograms. The ultimate pH values of the pectoralis muscles were measured using a portable pH meter (Model MW 102 pH/Temp meter made in Romannia). Water, protein (nitrogen) and fat contents of feed and muscle were determined following AOAC (1990).
Sensory evaluation: Sensory evaluation was performed by semi-trained panelists using scoring performa methodology as described by Meilgaard et al. (2007) . A panel of twenty (20) members was recruited from post graduate students and faculty members of the Faculty of Fisheries and Wildlife. Sensory descriptors were defined for the parameters of color, flavor, juiciness, tenderness, oiliness and overall acceptability.
The evaluations were made on the same day after preparation of samples under white incandescent lights. After meat thawing, chest fillets and thigh were cooked on racks in aluminum-lined, covered pans to an internal temperature of 76°C. Thigh meat was cooked with the steam. Meat was cut into 0.75inch, bite-size cubes and was not seasoned or salted. Intensities of each of the texture attributes from each breast sample were compared with references of assigned intensities (Cavitt et al., 2004) . All intensities were expressed to 1 significant digit on 9-point numerical scales, with higher scores indicating higher attribute intensities. Consumer panelists were served with one sample at a time and instructed to clean their palates between samples. Nine-point hedonic scales were used to assess overall liking and liking of appearance, texture, and flavor following Peryam and Girardot (1952) .
Chemical analysis :
The proximate analysis of turkey chest and thigh meat for protein, fat, ash and dry matter was carried out following their respective protocols as given in AOAC (2006). Crude protein was determined by Kjeldhal analysis, amount of fat was determined using ether extraction method with the help of Soxhlet apparatus. Ash contents were estimated by muffle furnace at 600 °C and dry matter (DM) was determined by oven drying. The breast and thigh samples of birds (Meleagris gallopavo) were mashed and analyzed.
Statistical Analysis: The differences between the samples were compared through student's t-test.
RESULTS AND DISCUSSION
Color : Meat color plays an important role in the type of meat products that are highly valued by consumers. During present study, non-significant variations in color of chest and thigh meat of female and chest of male birds were observed for free-range and confinement rearing systems (Table 1) . Fanatico et al. (2007) documented yellower meat in turkeys reared under free-range system as chickens with outdoor access had opportunities to forage plant material that contained abundant carotenoid pigments.
Flavor : Non-significant differences in flavor of chest and thigh meat of male and female birds reared under confinement and free-range rearing systems were recorded (Table 1) . Aberle et al. (2001) reported that meat flavor is influenced by the age of the birds and within limits the taste becomes better, because concentration of nucleotides increases in muscle, which degrade into hypoxanthine and inosinic acid after death. Wood et al. (2003) reported that outdoor (free-range) access could lead to higher levels of fatty acids, which are beneficial for human health and meat flavor. Birds raised under free-range system during early stages have better fatty acid profiles than those from the later stages.
Juiciness: Non-significant variations in juiciness of thigh and chest meat of male and female birds reared under confinements and free-range rearing systems were observed during present experiment (Table 1) . Farmer et al. (1997) reported non-significant differences in juiciness of chest between birds reared in confinement and free-range rearing systems whereas Fanatico et al., (2006) documented that confinement bird's chest meat was juicier than the meat from free-range reared birds.
Tenderness : During present study, significant (p<0.05) variations in tenderness of thigh piece of male M. gallopavo were recorded between confinement and free-range rearing systems (Table 1) . Ponte et al. (2008) documented that meat products from turkeys reared under confinement rearing system were tenderer than that raised in free-range system. Similar findings have been documented by Chen et al. (2013) .
Oiliness :Oiliness for male thigh piece varied significantly (p<0.05) for turkeys reared under confinement and free-range rearing systems (Table 1) . Wattanachant et al. (2004) reported non-significant differences for oiliness for the birds reared in confinement and free-range rearing systems.
Overall acceptability: During present study, significant (p<0.05) variations in overall acceptability for thigh piece of male M. gallopavo were recorded between both the rearing systems. However, non-significant differences in all the sensory quality attributes were observed for chest piece of male and chest and thigh pieces of females between the rearing systems (Table 1) . Aberle et al. (2001) reported that overall acceptability plays major role in food preferences by the consumers rather than separate impressions of flavor, juiciness and tenderness. Fanatico and Pilla (2007) reported non-significant differences for overall acceptability, flavor and tenderness of thigh and chest meat of birds in confinement and free-range rearing systems.
During present study, the protein content of chest meat in M. gallopavo was recorded 22.49 %, fat 4.83 %, ash 1.07 % and dry matter 28.11 %. Slightly lower values for the protein (21.47 %), fat (4.30 %), ash (1.05 %) and dry matter (28.02 %) were observed for chest piece in M. gallopavo reared under free-range rearing system. However, slightly higher values for protein (20.31 %), fat (5.58 %), ash (1.02 %) and dry matter (27.64 %) were recorded in thigh piece of the turkeys reared under free-range as compared protein 20.07 %, fat 5.46 %, ash 0.97 % and dry matter 27.05 % contents in birds reared under confinement rearing system. Present study revealed that thigh comprised 5.69±0.5 %, leg piece 5.77±0.16 %, wing piece 10.69±0.34 %, chest 11.95±0.28 %, liver 4.45±0.31 %, head 3.92±0.02 %, gizzard 5.76±0.20 %, kidneys 1.32±0.01 %, claws 3.05±0.18 %, feather/skin 18.93±0.25 %, lungs 0.63±0.02 %, neck 3.28±0.24 % and heart 0.52±0.04 % of the total body weight of the turkeys reared under confinement rearing system. Similarly, in free-range rearing system thigh comprise 5.14±0.23 %, leg piece 5.17±0.13 %, wing piece 5.99±0.48 %, chest 10.47±0.05 %, liver 1.82±0.14 %, head 3.33±0.56 %, gizzard 4.65±0.40 %, kidneys 1.04±0.04 %, stomach 1.035±0.02 %, claws .40±0.36 %, feather with skin 18.93± 0.02 %, lungs 0.71±0.09 %, neck 2.42±0.49 % and heart 0.39±0.02 % of the total body mass of the birds. During present experiment, significantly (p<0.05) heavier wing piece, liver, kidneys and claws were observed in M. gallopavo reared in confinement as compared to free-range rearing system (Table 2 ).
Morphometric measurements of male and female turkeys recorded at the time of slaughtering showed significant (p<0.05) differences in live body weight, body girth and sternum length while non-significant variations in snood length, beak length, shank length, tarsus length, thigh length, wing length, wingspan and body length between male and female M. gallopavo (Table 3 ). Similar measurements have been documented by Irfan et al. (2016) 
CONCLUSION
It can be concluded from the present study that the rearing systems influence carcass yields and sensory quality attributes in Meleagris gallopavo. The free-range rearing system is a probable alternate to the conventional system and thigh meat of the male birds reared under free-range system is preferred by the consumers due to better sensory quality attributes.
